Haiti is the poorest country in the Western Hemisphere and is heavily affected by food insecurity and malaria. To find out if these 2 conditions are associated with each other, we studied a convenience sample of 153 women with children 1-5 y old in Camp Perrin, South Haiti. Household food insecurity was assessed with the 16-item Escala Latinoamericana y Caribeñ a de Seguridad Alimentaria (ELCSA) scale previously validated in the target communities. ELCSA's reference time period was the 3 mo preceding the survey and it was answered by the mother. Households were categorized as either food secure (2%; ELCSA score = 0), food insecure/very food insecure (42.7%; ELCSA score range: 1-10), or severely food insecure (57.3%; ELCSA score range: 11-16). A total of 34.0% of women reported that their children had malaria during the 2 mo preceding the survey. Multivariate analyses showed that severe food insecure was a risk factor for perceived clinical malaria (odds ratio: 5.97; 95% CI: 2.06-17.28). Additional risk factors for perceived clinical malaria were as follows:
Introduction
The spread of vector-borne diseases, such as malaria involving transmission via mosquitoes, is expected to become an increasingly serious public health threat as a result of global climate disruption. In addition, concerns related to drug resistance among malarial parasites highlights the public health need for understanding factors that can exacerbate the malaria epidemic in developing countries.
Malaria is responsible for 1 million annual deaths worldwide (1) . It has been estimated that half a billion attacks of clinical malaria occur every year. Malaria is a major cause of death among children ,5 y of age in developing countries (1) . Even though 80% of the global burden of malaria falls in Africa (2) , there are countries in other regions of the world where it is a major public health problem. One such country is Haiti, where malaria is endemic. The 2006 Demographic and Health Survey from Haiti found that 28% of children ,5 y had malaria within the 2 wk preceding the survey (proxied by maternal report of fever in the child) (3) . The same survey showed that the population of Haiti as a whole has little, if any, access to malaria prevention (insecticide-treated nets, intermittent preventive treatment among pregnant women), proactive screening, and treatment options (antimalarial combined therapy).
Malaria in Haiti occurs within the context of widespread poverty, poor health, and food insecurity. Life expectancy at birth in Haiti is 61 y and individuals are expected to be healthy for only 44 y of those 61 y (2) . This contrasts with the corresponding figure for the Region of the Americas of 75 y and 65 y, respectively. The infant mortality rate in Haiti is 60 per 1000 live births compared with 18 per 1000 live births for the Americas (2) . Over one-half (54%) of the population of Haiti lives under extreme conditions of poverty and child malnutrition is widespread (4). Haiti's economy relies on an agrarian sector with very limited access to agricultural inputs (good quality soils, water, fertilizers, pest control, machinery) and the physical infrastructure (roads, fishing equipment, information technology) needed to market and transport agricultural commodities. Haiti's modern history has been characterized by civil unrest, political instability, and major ecological destruction, in part as a result of the local production of charcoal from trees and uncontrolled grazing of livestock (5) . Thus, it is not surprising that Haiti ranks among the most food insecure countries in the world (6) .
Household food insecurity, defined herein as limited access to a healthy and nutritious diet because of lack of economic or nonmonetary resources, has been associated with several nutrition and health outcomes (7), but there is a scarcity of studies examining its relationship with malaria during child-hood. Guzmá n et al. (8) conducted a study in rural Colombia to examine food insecurity among black households in the context of an endemic malaria region. About 1 of every 4 households in the study had insufficient per capita energy intake and dietary quality was suboptimal. The association between food insecurity and malaria could not be assessed in this study, because no current cases of malaria were detected, even though 89% of the heads of household reported having had malaria at least once in their lifetime. Renzaho (9) compared household food insecurity, measured with an experience-based scale, in 2 islands in the Australasian South Pacific. The island that had received a comprehensive community-based intervention (involving nutrition, basic health care, and sanitation) had lower levels of mild to moderate food insecurity. However, the islands did not differ in either ,5 mortality rate or the percentage of deaths attributed to malaria. Finally, a study conducted in French Guiana with 1-to 5-y-old Amerindian children documented an association between malaria risk and poverty-related measures, including lower household income and household crowding (10), but household food insecurity was not assessed directly.
The plausibility for a relationship between household food insecurity and malaria is high. First, previous studies have documented an increased risk of malaria associated with micronutrient, including zinc and vitamin A, deficiencies (11) . Given that children living in food insecure households are more likely to consume diets of lower dietary quality and experience micronutrient deficiencies, they may be more likely to have compromised cell-mediated and humoral immune systems, increasing their risk for malaria (11, 12) . Second, besides its impact on physical health, household food insecurity has been associated with maternal stress and suboptimal psycho-emotional human development in diverse settings (13) (14) (15) (16) . Thus, it is plausible that endocrinologic changes in the developing child resulting from household mental stress induced by food insecurity may also compromise the child's immunological system and ability to prevent malaria.
The scarcity of studies examining the relationship between household food insecurity and malaria is an important gap in knowledge. Haiti experiences alarmingly high rates of both malaria and food insecurity; thus, it is an ideal setting to examine this relationship. The objective of this study is to examine the association between household food insecurity and the likelihood of perceived clinical malaria among 1-to 5-y-old children living in rural south Haiti. A convenience sample of 153 mothers were recruited in the 3 districts of Camp Perrin in approximately equal numbers [district 1 (n = 53), district 2 (n = 57), and district 3 (n = 43)]. The overwhelming majority of study participants were recruited and interviewed in their homes. Research staff knocked on doors to identify eligible households and set up an appointment to return to conduct the interview at a convenient time for the study participant. Recruited participants were asked to refer the research staff to other households that may qualify for the study. Women were included in the study if they were: healthy, nonpregnant, between the ages of 17 and 45 y, living in the target community for at least the past 12 mo, with at least 1 healthy child between the ages of 1 and 5 y. If more than 1 child met the age criteria then the youngest one was chosen for the study. Women were interviewed in Haitian Creole by 3 fieldworkers (2 nurses and 1 agriculture technician) closely supervised by the study coordinator (M.D.). Prior to application, the survey was pretested in English for content validity based on input from 4 experts in the fields of international nutrition, sustainable agriculture, medicine, and public health. Face validity was then confirmed by applying the survey translated into Haitian Creole to 5 women in the target communities that did not participate in the study.
Methods
Household food insecurity. Household food insecurity was assessed with the Latin American and Caribbean Household Food Security Scale [Escala Latinoamericana y Caribeñ a de Seguridad Alimentaria (ELCSA)] (18) ( Table 1 ). The scale was translated from Spanish to English and French and then to local Creole prior to application. It contained 16 questions, 9 of which pertained to the adults and 7 pertained to children living in the household (Table 1 ). All questions were asked in reference to the 3 mo preceding the survey. Each question that was answered positively was assigned a score of one. An additive score was used to assess the severity of household food insecurity. With the computed scores, we initially classified the severity of food insecurity in the households as: food secure (score, 0), food insecure (score, 1-5), very food insecure (score, 6-10), and severely food insecure (score, [11] [12] [13] [14] [15] [16] . Previously published results demonstrated that ELCSA had excellent psychometric behavior as well as convergence and criterion validity in this sample (19) . Specifically, the Cronbach's a coefficient of the scale was 0.92, Rasch modeling analyses showed that the scale was indeed unidimensional and that the items had a very good overall fit and the predictive validity of the scale was strong as shown by a correlation between the level of food insecurity and poverty-related measures such as lack of electricity at home, lack of access to land, and female-headed household.
Maternal and child self-reported health status. Women were asked to self-report on their own overall health status as well as that of the index child. They were also asked to report whether the child had diarrhea during the past 2 wk or malaria during the past 2 mo. For the latter, the question was asked "Has your [name of index child] ever had malaria in the past 2 mo?" Previous country health surveys and studies conducted in challenging environments with limited access to clinical facilities/data have relied on maternal report based on child fever symptoms (3). However, studies have shown that using fever by itself to identify malaria can lead to substantial misclassification by the mothers as well as medical doctors (20, 21) . Furthermore, it is recommended to test locally the best way to probe for malaria (22) . Thus, for our study, we decided to test in the field if we could ask the question about child malaria based on the name of the condition (in Haitian Creole) and not its symptoms. Field testing showed that in the target communities, women were very familiar with the name of the condition and its symptoms as the vast majority of adults and their children had experienced it more than once during their life times. In addition, key informants at the local clinic indicated that there have been major public health education campaigns in the area educating communities about malaria and ways to prevent it. The survey instrument pretesting phase fully corroborated the report of the key informants and the study Haitian medical director (M.F.). During the application phase of the survey instrument, it was clear that respondents were very familiar with the term malaria and there was no missing data in their response to this question.
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by guest on October 29, 2017 jn.nutrition.org Infant feeding. Women were asked to report on whether or not they breast-fed the index child and, if so, if they did it exclusively and for how long. Participants were also asked to report on whether they fed colostrum or not to the index child. Based on the pretesting phase, the term first milk was used to refer to colostrum. If participants did not know what it meant, the interviewer explained that the question referred to the first yellowish fluid that comes out from the breast the first days after birth.
Socioeconomic and demographic characteristics. The survey included several questions to document: respondent's level of formal education, marital status, house construction materials and possessions, as well as household size, monthly income, and land and animal ownership.
Maternal and child anthropometry. Maternal and child weight, height, and mid-upper arm circumference, as well as the child's head circumference were measured using standard procedures. Health-OMeter digital scales were used to capture the weight data. Equipment calibration was verified on a weekly basis. The weight of each participant was taken at least 2 times and the average was recorded.
Statistical analyses. The Statistical Package for the Social Sciences (SPSS) for Windows (v. 15.0) was used for all univariate, bivariate, and multivariate statistical analyses. Bivariate chi-square test analyses examined the association of child malaria (yes/no), infant feeding, demographic, and socioeconomic categorical covariates with household food insecurity. Three households were food secure (score = 0) and subsequently excluded from the analyses due to insufficient statistical power to examine malaria risk among this subgroup. The remaining households (n = 150) were initially classified by food insecurity severity level using the following equidistant algorithm: food insecure (score, 1-5), very food insecure (6-10), severely food insecure (11) (12) (13) (14) (15) (16) . Exploratory analyses showed that the risk of malaria was similar for children living in food insecure or very food insecure households. For this reason, these 2 categories were combined and 2 levels of food insecurity (food insecure/very food insecure vs. severely food insecure) were used in the bivariate and multivariate analyses reported herein.
Child height-for-age, weight-for-age, weight-for-height, and Z-score BMI (Z-BMI) were computed using the WHO growth reference standards (23) . None of these indices were associated with malaria risk using cut-off points of , 22 Z-score. However, when child BMI was broken down by tertiles, being in the lower 2 BMI tertiles (i.e. BMI ,17 kg/m 2 ) was significantly associated with malaria risk. Backward stepwise multivariate logistic regression was conducted to examine the independent association of household food insecurity with malaria after controlling for the confounders that were associated with malaria in the bivariate analyses at a P-value , 0.10. The child BMI 3-level categorical variable was strongly correlated with child Z-BMI (r = 0.76; P , 0.001); however, the multivariate model fit was significantly better when using BMI instead of Z-BMI. This approach also avoided the use of a nonconventional cutoff point for Z-BMI determined via post hoc analyses. Thus, unstandardized child BMI was entered in the model together with the child's age and child sex. Logistic regression analysis results from the reduced model were expressed as odds ratios (OR) and their respective 95% CI. Results were considered to be significant if the 95% CI excluded the value of 1.0. We used the Hosmer-Lemeshow test to determine the model fit.
Results
Descriptive characteristics. Almost 2 of every 3 households were living under extreme poverty conditions (i.e. earning #1 US$/d) and only 15% of respondents reported that their households had savings in the bank ( Table 2 ). Close to 80% of heads of households were employed, with farming being the primary occupation. Close to 38% reported farming within a sharecropping system and 69% reported owning land, although the vast majority of plots were ,1/4 hectare in size. Overcrowding was common, as 80% of the households had 5 or more people living in them, yet only 23% had .2 bedrooms. Almost no households had sewage at home. About 40% of the households were headed by the child's mother or grandmother. Did any child in your home go to bed hungry on any day because of lack of food? 49.0 Was there any day when any child in your home didn't eat for a whole day or just ate once during the day because there wasn't enough food?
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Mean maternal age was almost 31 y, the majority of respondents lived under common law arrangements with their partners and about one-half of the women had at least 4 children ( Table 3) . Only 16.3% of respondents had completed high school. The great majority of the study children were born at home (86%), they were 2.3 y old on average at the time of the survey, their sex was evenly distributed, and at the time of the study only 29% of them were rated by their mothers as having good/very good health. About 1 of every 3 children was reported by their mothers to have had diarrhea during the 2 wk (29%) and malaria during the 2 mo (33%) preceding the survey. Close to 20% of the children were not fed colostrum when they were born. The reasons given for not feeding colostrum were: not good for the child (n = 12), to prevent the child from getting sick (n = 11), because it is not our family habit to do so (n = 5), and because the child did not want it (n = 2). Four of every 10 children were stunted and 4.8% wasted and 29% of their mothers were underweight.
As expected, food insecurity was widespread with only 3 households (2%) being food secure. A total of 26 households (17%) were food insecure, 38 were very food insecure (25%), and 86 (56%) were severely food insecure.
Multivariate results. Multivariate logistic regression results showed that the odds of the index child having experienced malaria in the 2 mo preceding the survey were higher among households experiencing the most severe levels of food insecurity (OR = 5.97). The odds of having malaria were 77% lower if the child was fed colostrum at birth. The odds of malaria were higher among children described as having poor health by their mothers (OR = 5.17). Children with a BMI ,17 kg/m 2 were more likely to have had malaria. The children of women falling in the second age tertile (i.e. 27-34 y) and of women without formal education or with completed elementary school were protected against malaria. Unexpectedly, having received vitamin A once or never (vs. more than once) since birth was strongly associated with lower malaria risk in children ( Table 4) .
The following variables were significantly associated with malaria risk in the bivariate but not the multivariate analyses: child's age, child sex, head of household identity (mother, grandmother, father, other) and occupation of household head, land ownership, and electricity in the household.
Discussion
Our study identified severe household food insecurity as being an independent risk factor for perceived clinical malaria among children ,5 y in rural Haiti and the effect size was strong. Animal studies and human epidemiological studies suggest that malnutrition is likely to explain a significant burden of malaria morbidity and mortality in developing countries (11, 12, 24) . The finding that severe household food insecurity was associated with malaria risk even after controlling for child BMI suggests that dietary quality may be playing a role. Assuming that BMI reflects at least in part energy intake, then the dimension of food insecure that is being addressed after adjusting for BMI is likely to be related to dietary quality. It is possible that children living in severely food insecure households are more likely to experience micronutrient deficiencies, resulting in greater impairment in their malaria-protective immune function (11, 12) .
In our study, lower child BMI was associated with a significant increase of childhood malaria risk. However, the cutoff point for risk identified in this study was a BMI ,17 kg/m 2 that corresponded to the 65th BMI percentile of the study sample. If this finding is confirmed in future studies, it would suggest that the cutoff points usually recommended for identifying children at risk of undernutrition may miss a large proportion of children at risk of malaria. The large effect size of the association between child BMI and malaria needs to be interpreted with caution as the 95% CI were very wide, reflecting the uncertainty of the effect size of this relationship.
Besides its impact on physical health, household food insecurity and the poverty-related determinants of this condition have been associated with maternal stress and suboptimal psycho-emotional human development in diverse settings (13) (14) (15) (16) . Thus, food insecurity may increase the risk of malaria through several stress-related pathways, including adversely affecting children's immune systems, making them more susceptible to malaria, and negatively affecting maternal mental health and impairing mothers' ability to successfully employ measures to prevent malaria in their children. The first pathway suggests that it is possible that the "toxic stress" associated with food insecurity and poverty may contribute to impairment of immune function independent of the nutritional effects of food insecurity. The second pathway implies that mental health problems driven by household food insecurity may prevent the household members responsible for the children's well-being from accessing and implementing malaria-preventive measures such as preventing stagnant water accumulation in proximity to the household area and using insecticide-treated bed nets. Unfortunately, there is a scarcity of research examining if and how mental health disorders such as depression and anxiety, that we hypothesize may be induced by food insecurity in the household, may affect the risk of malaria (25, 26) . Longitudinal study designs are needed to test and disentangle the multiple pathways of causation that we propose may explain our findings. Our findings indicated that reported colostrum feeding was protective against the risk of childhood malaria even after controlling for household food insecurity and potential confounders. To our knowledge, this is the first study to document this association. It is possible that the immunoprotective properties of colostrum may have primed the organism to respond better to the threat of malaria later on in life. About 20% of the children were not fed colostrum. Given the proven health benefits of colostrum feeding and the potential for the prevention of malaria later on in life, it is important to conduct further research in Haiti to better understand the barriers against colostrum feeding and how to overcome them.
As expected, poor child health status was strongly associated with malaria risk. This is expected on 2 counts. First, the physical symptoms associated with malaria are severe and are likely to increase the awareness of the mother about the poor health status of her child. Second, children with compromised immune systems, i.e. those with worst health preceding the most recent malaria episode, are more likely to be at risk of developing more severe symptoms of malaria.
The relationship between more frequent child vitamin A supplementation and malaria was unexpected. We hypothesize that children with more access to these campaigns are also more likely to be diagnosed with this condition. Alternatively, reverse causality may be playing a role, because children who are more prone to malaria and other diseases may have been more likely to participate in vitamin A supplementation campaigns.
Our study has several limitations that need to be taken into consideration. With the exception of anthropometry, all data were self-reported by the children's mother. It was not possible for us to confirm child malaria reports from clinical records. The data were collected retrospectively; therefore, we were also unable to include laboratory testing for confirmation of maternal report. There is no doubt that misclassification occurs whenever a diagnosis of malaria (or any other medical condition) is made and the degree of misclassification is stronger whenever there is no opportunity for multiple testing with diverse diagnostic tools, as was the case in our study. Several maternal and child morbidity studies have used maternal report of malaria and have found results to be consistent with the expectations as to whom should be at highest risk of malaria (27, 28) . For example, a study in Tanzania found that having 3 or more episodes of self-reported malaria during pregnancy was an independent risk factor for having a poor pregnancy outcome (defined as low birth weight, fetal loss, neonatal or maternal death) (27) . Ye et al. (28) showed that self-reported malaria in adults and children was the major cause of illness in a lowincome area in Nairobi. As expected, those individuals coming from endemic malaria areas were more likely to report having had malaria during the previous 2 wk. In that study, malaria report was strongly associated with symptoms of the condition, including fever, and the number of typical malaria symptoms reported was significantly associated with the report of malaria. Although these findings are encouraging, there is a clear need for studies specifically designed to test the validity of maternal report of childhood malaria.
It is unlikely that systematic measurement errors explain the association of malaria with food insecurity. First, there is no reason to think that the degree of misclassification in malaria could have been linked to the level of household food insecurity by the study participants, as they were not told that we were interested in examining this association. Second, our analyses do not support a differential malaria report error as a function of other socioeconomic indicators, including maternal education (Table 4) .
A second limitation is that the study was cross-sectional; thus, it is not possible to determine whether severe food insecurity led to malaria or if malaria in children prevented other members from the household from working and generating the income needed to ameliorate the food insecurity situation. Future longitudinal cohort studies are needed to understand the temporal sequence of events.
To conclude, findings from this study suggest that policies and maternal-child health programs that address poverty and food insecurity in Haiti (29) (30) (31) are also likely to reduce the risk of malaria in that country. These programs may provide excellent opportunities to deliver malaria prevention messages to the most vulnerable.
